Abstract: Increasing urbanization rates observed in the last decades have significantly contributed to a higher number of travelers to urban environments. The objective of this study was to identify measures and factors that encourage the use of alternative transportation in the cities of Washington D.C., USA and Porto Alegre, Brazil. The methodology used to compare these two cities was an evaluation of their urban mobility plans, including strategic analyses and measures to promote the use of public transport. This approach was based on factors described in the following document: "Urban Sustainability: Impacts of Economic Development and Their Consequences on the Process of Urbanization in Emerging Countries", prepared by the United Nations. The results indicate different planning strategies, ranging from focusing on tax integration policies in order to become more financially attractive to the user, to using different modes of mass transportation integrated with active mobility. In Washington D.C., an innovative strategy was developed in preparation to forecast scenarios, as the measures comprised projection for the year 2040, which will respond to mobility demands in the coming decades.
Introduction
Urban mobility involves cultural and political factors of the contemporary society, "whether in a structured or behavioral way" [1] . Recent studies point out that public policies and measures related to urban mobility should be aimed at stimulating the use of collective transportation, and active forms of mobility. Therefore, such studies would be also contributing to good social and environmental practices in cities [1, 4] .
By highlighting factors that are related to urban mobility, which correspond to the different types of population movement in relation to urban environment, reaching urban sustainability has become a priority and a challenge for planning and research sectors over the evident which will benefit urban mobility factors and, therefore, they will make transport of people more feasible [7] .
Studies indicate the existence of alternative systems to increase favorable rates of urban mobility, such as the use of public transport and bicycle lanes, thus becoming "an alternative of sustainable transport, fuel economy, quality improvement in public health, smart urban growth initiative, as well as climate change considerations" decreasing the carbon footprint [8] .
A suitable solution for transportation issues in Brazil regards and the implantation of factors that will bring improvements to the urban mobility issues will require governmental interest in urban planning, in addition to financial investments [9] .
Achieving sustainable urban mobility strategies, outlined in a document prepared at the Rio + 20, are highlighted in the book Urban Sustainability: "Impacts of Economic Development and Their Consequences on the Process of Urbanization in Emerging Countries". This book points out aspects for standardization of mobility necessary for sustainability, such as "articulation of urban conceptions and public transport network in relation to this standard; tax injustice and regressive taxation of mobility; allocation of resources in contradiction to the inclusion sustainability discourse"; and "structuring of economic activities in the production chain" [10] . Rio + 20 was a high impact event that engaged the Brazilian government, the MMA (Brazilian Ministry of Environment), and the UN (United Nations).
Once a review and theoretical reflection on urban mobility for practical applicability was concluded, the general objective of this research became to conduct a comparative analysis on the profile of two big cities, namely, Porto Alegre (Brazil) and Washington D.C. (United States), regarding their urban mobility, and how it relates to their density and expansion.
This study is developed aiming to fulfill the following aspects: to identify the way these two cities were designed; to identify the projection of measures that contribute to the construction of a city with good mobility and sustainability; and to propose ways to contribute to their urban master plans and urban mobility plans. Urban planning is extremely important for designing and implementing public urban mobility policies [6, 11] .
The comparative analysis conducted in this research is mainly justified by two important factors. Firstly, although these cities have similar population densities, they do not have the same geopolitical importance in their countries, that is, Washington D.C. is the capital of the USA, whereas Porto Alegre is the capital of Rio Grande do Sul, a Brazilian State. Secondly, Porto Alegre is located in an emerging country whereas Washington D.C. is located in a developed country. Therefore, it will be feasible to identify common elements and differences in these two cities.
Materials and Methods
In this research, a quantitative method was used to analyze several variables in a systematic way [12] . The variables analyzed comprise population density, population growth, income, number of automobiles, and distribution of transport modes used in Porto Alegre and in Washington D.C. At the same time, aspects of the qualitative method were used to document and conduct iconographic analyzes of urban mobility plans in these two cities.
The analyzed variables were selected based on the document produced by the UN (2014) entitled "Urban Sustainability: Impacts of Economic Development and Their Consequences on the Process of Urbanization in Emerging Countries" [10] . It analyzes the relationship between urban mobility and city conformation. These analyzes consider the influence of economic aspects on the patterns of daily movement of the population carried out for production and consumption. It also offers a discussion on the main factors related to public policies aimed at the implementation of sustainable mobility. For instance, it approaches sector planning and public transport network concepts, financing [20] . In addition to the characteristics of transport systems, factors related to demography and land occupation also are important factors of analysis in studies related to urban mobility. Different intensities of land use, promoting compactness or urban spreading directly influence the patterns of daily mobility adopted by the population.
Results
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The urban horizontalization and sprawl, a result of low constructed densities, increases the distances of daily mobility as well as decreases the efficiency of public transportation systems, which require demand agglomeration to enable high capacity systems [10, 21, 22] . Such context aligns one of the factors that makes individuals prefer motorized modes of mobility, and it is one of the causes of traffic saturation in central roads [23] . Thus, the importance of master plans that promote the use of soil compaction to reduce distances encourages alternative modes of transportation to the detriment of the motorized individuals.
This context demonstrates indissociability of factors related to population density and urban mobility patterns. Thus, the analysis of the population distribution of these cities can present indicators to improve efficiency of the territory coverage by transport systems. Figs. 2 and 3 present, respectively, the population density (inhabitants/hectare) in Porto Alegre and Washington D.C.
In Porto Alegre (Fig. 2) , high density is found at the waterfront towards the east side, where the first signs of urbanization are seen. There is a constant reduction of density as away from its center, thus resulting in a population distribution layout similar to a semicircle. The contrast between travel demands in the central area compared to the peripheral area, is a result of these different densities and leads to lower efficiency of service provided by the public transport in these peripheral areas. There is an inverse relationship between the extension of the transportation system and its efficiency [10, 23] . The city of Washington D.C. has a distinct population distribution, which is more concentrated mainly near the geographic center of its urban perimeter. This radial distribution of population density tends to prioritize the mobility in the periphery-center route, carried out on radial transport axes. Bearing in mind that the coverage of the axes increases with the distance from the center, it is essential to facilitate the access of residents of the peripheral areas to these axes. Therefore, micro accessibility is a factor of great importance to promote growth of public transportation use.
In addition to the population layouts of these two cities, an analysis of population evolution, number of cars, number of passengers transported and per capita income was conducted from 2005 to 2015. This analysis aimed to verify correlations between the studied variables. Data in Table 1 shows improvement of the studied factors, analyzed over 10 years. Fig. 3 shows the correlations between variables, assigning index 1 to the values corresponding to the year 2005. Fig. 3 (graph) shows the correlations between the factors analyzed in Porto Alegre, where the relationship between the increase in income and increase in motorization rates can be noticed also through the increase in number of cars. Number of cars is proportionally higher than the population for the same period. Due to better income, an increase in motorization rates is observed, mainly in emerging countries, resulting in higher use of individual transportation by families, which would usually use public transportation [10, 29] .
Combined with growth of income, another factor that may be related to the increase in motorization, in Porto Alegre, from 2008 to 2009 was the implementation of federal tax exemption policies (reduction of the Tax on industrialized products) for new cars, thus stimulating their acquisition and use [30] .
In Washington D.C., an increase in motorization rate, accompanied by a decrease of number of passengers transported annually starting in 2008 is observed. Unlike Porto Alegre, there is no relationship with evolution of income.
In general, the increase in motorization rates in both cases is evident, revealing the need to implement public policies to control the use of cars and, therefore, makes cars less attractive than the public modes of transportation.
Sector Planning: Design of a Public Transport Network
The comparative analysis of cities plans reveals similarities in the guidelines adopted, aimed at the promotion and effective implementation of alternative transport systems. For instance, bicycles and walks became popular, as well as the focus on the integration of the various modes of public transportation to gradually reduce the use of private cars. While designing the cited documents, studies were conducted on current patterns of mobility and their relationship with road infrastructure, use and occupation of the soil. However, the moveDC plan is not only limited to current mobility conditions, but statistically traces a social economic and spatial scenario for the year of 2040. The goal is designing a multimodal transport network that can meet the demands of future trips within 25 years. In this regard, the PMPOA (City Hall of Porto Alegre) has its long-term effectiveness reduced, as it projected only the current scenario and considered the fulfillment of this demand as an objective.
In relation to surveys of factors that generate mobility, such as population density, land use, and concentration of jobs, different values are perceived.
PMPOA distinguishes the mobility attractors by categories (educational, health, services), and therefore portrays their influence on the patterns of mobility. MoveDC plan considers the density of jobs and activities (jobs + residents) as an increment for the future scenario (2040).
Regarding population density as a factor of influence on mobility, it can be observed that the PMPOA does not present a population density map that could be used as a complement to the analysis obtained through the distinction of the attractors.
Financing Mobility
This document emphasizes the importance of mobility financing systems that also consider indirect beneficiaries as follows: "impacts and interests related to the implementation, improvement and expansion of transport systems are multiple and differentiated, and extend beyond the borders of the sector" [10] .
Indirect beneficiaries (drivers, land owners, and real estate agents) should be included in the sharing of costs related to the implementation, expansion and operation of transport modes. For the applicability of these measures, instruments of value collection such as urban tolls, expensive concession of the right to build, and taxation based on the production system are presented. This share of costs related to the operation of public transport tends to make it more financially attractive. Another way to increase attractiveness of the transport system is tax integration, especially for residents in peripheral areas, who often travel longer distances and may require a combination of modalities to arrive at their destination. This integration of modalities must also extend to active mobility and prioritize the connection of pedestrians and cyclists with public transport. This is due to the fact that they demand significantly less public space than the facilities for cars, such as parking lots or garages [22] .
Such measures to encourage active mobility, in addition to the benefit of reducing emission of pollutant gases during journeys, help public authorities and traffic agencies to save money in a long term.
Regarding analyzed plans, the existence of tax integration measures in the city of Porto Alegre is noticed, where a total of 210 public transport (bus) lines are integrated into the Trensurb train line. While in the moveDC plan, measures and objectives are not cited for the effective implementation of tax integration.
Considering that one of the factors of public transport attractiveness should be the lower travel cost than the use of individual transportation, the absence of subsidy policies and tax integration reduces effectiveness of the system. The attractiveness from a financial point of view would result in growth in this transportation system use.
Management Efficiency of the Urban Mobility System: Control and Transparency
Management and operation of public transport services by private companies, as it is usually the case of Brazil, result in concentration of large companies to take control of the market. Furthermore, this grants the private sector the right to put pressure on the public sector and users, thus generating a dispute with these three agents [10] .
Alternatives to this mode of operation began to be observed in Europe in the late 1980s, where public enterprises operated and managed transport, and private companies were monitored on strong government regulation. In this model, demands for improvements and transparency in offered services are discussed between government and society. This would facilitate demand fulfillment.
In Porto Alegre, the management of public transport services is carried out by EPTC (Public Transport and Traffic Company), organized as a joint-stock company in charge of planning, financial management, as well as the preparation and approval of plans and projects aimed at mobility [13] . It is noteworthy to mention that in Porto Alegre, the operation of transport systems is divided among four companies, but only one of these companies is public.
In Washington D.C., the management and control of moveDC measures and actions are decentralized. DDOT (Detroit Department of Transportation) is the coordinating agency and works together with other agencies, such as WMATA (Washington Metropolitan Area Transit Authority), National Park Service, Metropolitan Washington Council of Governments and regional partners. It is DDOT's responsibility to identify the projects and initiatives to be directly implemented or those that will be implemented by other agencies, while maintaining control of the projects and initiatives through consultancy.
Mobility and Support System for Green Technology
Transportation systems are a major consumer of the automobile industry, as well as the energy industry. Thus, the structure and operation of public transport presents a sector with great potential for implementation of policies that promote the use of matrix sustainable energy [10] .
In this context, economic viability of this sector presents itself as a triggering factor for the implementation of sustainable practices. In addition, it contributes to the adoption of non-fossil fuels, and to the incentive to the implementation of large-scale modalities with technologies based on electric energy (subways, VLTs (light rail), and trolleybus). In accordance with the measures suggested in this document, the plans of Porto Alegre and Washington D.C. present actions to be taken for the implementation of energy-based transportation modalities, such as the return of the streetcars in Washington D.C. [13] . Investments on the atmospheric railway in Porto Alegre are also needed [12] . On the other hand, in relation to buses and/or BRTs (bus rapid transit), only Porto Alegre presents the fleet qualification plan, with the use of BRTs, which is supplied with alternative fuels, thus making the system less polluting and with slower depreciation.
Implementation of Mobility Policies
Ways to achieve sustainable mobility, such as reduction of pollutant emissions and incentive to use alternative transports, are a consensus within this topic. However, the implementation of such ways, frequently faces challenges that can be political, social and economic. In this context, the creation of a favorable environment for medium and long-term investments should be considered by including regional planning. Therefore, it could minimize social and environmental impacts, and mitigate the political barriers.
PMPOA seeks to provide with an institutional and operational integration of public transport on a metropolitan scale, and through an integrated multimodal transport network. It also aims at establishing a strict modal integration between urban and metropolitan rail road public systems and their feeding systems. The feasibility of this integrated transport system is based on the following sustainability axes:
 institutional integration: with the creation of a metropolitan transport consortium;  transport integration, urban and environmental interventions: considering transport as an inducer of urban and environmental requalification and regeneration;
 functional integration of transport: with the creation of the integrated multimodal structural network;
 tax integration: interoperability in ticketing systems;
 integration of control and information to the user: line coding system and fleet standardization;  financing integration: integrated models of investments with public-private partnerships.
In Washington D.C., the moveDC plan is periodically updated contemplate future changes in the city. It also may be related to financial, political and population trends that are difficult to predict today, but may influence the mobility patterns and demands in the district and its surroundings. There is also concern about possible political barriers in Washington D.C., where some of the measures involve the creation of fees. This would depend on the legislative power to create public policies aiming to improve public transportation system. Collaboration between management agencies and public transport operations at regional or metropolitan scales enables the integration of fleets through schedules jointly established, thus increasing attractiveness for passengers. This cooperation also makes possible agencies to share employees, facilities, and make joint purchases of supplies with lower marginal costs, contributing to their financial sustainability [22] .
Conclusions
The analyzed plans of Washington D.C. and Porto Alegre present different approaches and instruments for the improvement and effectiveness of the public transportation systems, and their infrastructures. However, in spite of Porto Alegre being located in an emerging country, and Washington D.C. in a developed country, there are no discrepancies in the objectives and guidelines outlined in these plans. Among the analyzed factors, the Porto Alegre plan highlights the concern to make public transportation financially attractive to the population, through subsidies and tariff integration, especially to those who need to use more than one transportation line to travel longer distances. In general, it can be observed that public policies that concern urban mobility can be a strong instrument in the search for urban sustainability. Through the implementation of infrastructure for public transport, subsidies and other legal tools they can induce to the use of alternative means for mobility, while restricting the possibilities of using a private car. However, when analyzing the mobility plans of the studied cities, the lack of restrictive measures in relation to the use of automobiles was also noticed. Such measures could increase attractiveness of other modes of transport, such as the public ones, and improve their financial viability.
Among several factors analyzed here, it is noticed that one of the key elements for effectiveness of the public transport systems and active mobility is to combine their attractiveness to financial sustainability. Thus, urban mobility plans must be designed based on urbanistic concepts to avoid disorderly urban growth. Such growth promotes higher densities, especially along transport axes, makes the system more attractive, and thus reduces the use of individual motor transport. This scenario enables greater efficiency in the use of public funds and optimizes the social and environmental benefits that a sustainable urban mobility plan can provide. In the same context, in addition to promoting higher densities, urbanistic concepts should also encourage diverse use of soil, stimulate local commerce, and therefore reduce distances to be traveled by walking and cycling.
